2,3-Dihydro-5,7-dihydroxy-2-(4-hydroxyphenyl)-4H-1-benzopyran-4-one, C ~5 H ~205, M r = 272.25, monoclinic, P2t/c, a = 4.965 (3), b = 15.449 (6), c= 16.845 (8)A, fl= 103.86 (8) ° , V= 1254 (2) A 3, Z = 4, D x = 1.441 g cm -3, 2(Cu K:t) = 1.5418 A, /z= 8-17 cm -~, F(000) = 568, T= 295 K, R = 0.054 for 1356 observed reflections. The hydroxyl 0(5) and keto 0(4) atoms form a strong intramolecular hydrogen bond, making a conjugated sixmembered ring. The 4-hydroxyphenyl ring is bonded equatorially to the pyrone ring which adopts a slightly distorted sofa conformation, and is rotated so that it is approximately perpendicular to the mean plane of the benzopyrone ring.
Introduction. Most of the flavanoid compounds are known to be tasteless or bitter while their corresponding dihydrochalcones are very sweet (Horowitz & Gentili, 1969) . In an effort to provide detailed structural information for a related compound, we have determined the crystal structure of racemic naringenin (I). Naturally occurring naringenin is optically active with an R configuration. The structure of naringenin will be compared with those of related compounds, especially 4',5,7-trimethoxyflavanone (II) (TMF) (Marietzcurrena, 1978) and hydrangenol (III) (Schmalle, Jarchow, Hausen & Schultz, 1982) , which is a structural analog of phyllodulcin (IV), an intensely sweet dihydroisocoumarin compound. Table 2 . The oxo 4-keto and 5-hydroxyl groups form a strong intramolecular hydrogen bond IO (4) 0108-2701/86/050626-03501.50 © 1986 International Union of Crystallography C(3) and C(3)-C(4) bond lengths of 1.508 (5) and 1.503 (5)A, respectively. Bond lengths of the benzopyrone moiety in TMF show significant differences from those of naringenin due to the absence of the intramolecular hydrogen bond (see Table 2 ). The largest differences are in the C(9)-C(10) and C(5)-0(5) bonds. In TMF, the aromaticity of ring A is decreased and the n electrons tend to be localized in the C(5)-C(6), C(7)-C(8) and C (9) . This difference in the conformation seems to be determined by the hybridization state of C(4), that is, the ring tends to be a sofa for sp 2 C(4) and a half-chair for sp 3 C(4). (8) 4224 (2) 3583 (2) 0.057 C(3) -1729 (11) 3701 (3) 2840 (2) 0.054 C (4) -2154 (8) 4220 (2) 2065 (2) 0.048 C (5) -297 (8) 5406 (2) 1328 (2) 0.051 C (6) 1649 (9) 6040 (2) 1315 (2) 0.053 C (7) 3620 (8) 6221 (2) 2029 (2) 0.047 C (8) 3754 (8) 5757 (2) 2749 (2) 0.046 C (9) 1860 (7) 5107 (2) 2753 (2) 0.041 C (10) -245 (7) 4911 (2) 2042 (2) 0.045 0(4) -4084 (8) 4024 (2) 1461 (2) 0.062 0 (5) -2285 (7) 5266 (2) 635 (2) 0.071 0 (7) 5460 (6) 6871 (2) 2003 (2) 0.060
429 (8) 3696 (2) 4359 (2) 0.048 C(2') -821 (9) 3865 (2) 4989 (2) 0.055 C(Y) -188 (9) 3381 (3) 5690 (2) 0.055 C(4') 1728 (7) 2715 (2) 5787 (2) 0.043 C(5') 3007 (9) 2528 (3) 5164 (2) 0.054 C(6') 2321 (9) 3022 (3) 4452 (3) 0.058 0(4') 2285 (7) 2272 (2) 6519 (2) 0.058 (Johnson, 1971) drawing of naringenin with the atomic numbering scheme. (Motherwell & Clegg, 1978) stereodrawing of the molecular packing. H bonding is represented by dotted lines.
(3)
The hydroxyphenyl ring is bonded equatorially to the pyrone ring. Although a pseudoaxial conformation has been suggested to be an active form for phyllodulcin (DuBois, Crosby, Stephenson & Wingard, 1977) , this conformation has not been observed in the crystal structures of benzopyrone or dihydroisocoumarin derivatives. The A and C rings are nearly perpendicular to each other with a dihedral angle of 85.7 °. Other flavanones also assume a similar conformation (see Table 3 ). However, the relative orientation of the phenyl and benzopyrone rings seems to be determined by crystal packing forces since, in solution, C(2') and C(3') are chemically and magnetically equivalent to C(6') and C(5') as determined by ~3C NMR studies of flavanones (Cotterill, Scheinmann & Stenhouse, 1977) .
Two unique O-H...O hydrogen bonds make a two-dimensional hydrogen-bonded molecular layer through the formation of hydrogen-bonded dimers and hexamers ( Fig. 2) : 0(7)...O(4')(1-x, 1 -y, lz) = 2.805 (4), O(7)-H(7)= 0.83 (5), H(7)-..O(4')= 2.04 (5) A, /O(7)--H...O(4')= 154 (4)°; 0(4')... = 0.71073 A, p= 2.68 cm -1, F(000) = 860, T= 293K, R =0.040 for 1869 (I> 2.5o) reflections. X-ray analysis shows that the nitracrine reduction product, 1-amino-9-(dimethylaminopropyl)acridine, has condensed with one mole of acetone across the primary and secondary amine functions, to form a pyrimidinoacridine ring system. The acridine nucleus suffers a concomitant buckling from planarity.
